BACKGROUND: The National Epirubicin Adjuvant Trial (NEAT) and BR9601 trials tested the benefit of epirubicin when added to cyclophosphamide, methotrexate and 5-fluorouracil (E-CMF) compared with standard CMF in adjuvant chemotherapy for women with early breast cancer. This report details longer follow-up with interesting additional time-dependent analyses. METHODS: National Epirubicin Adjuvant Trial used epirubicin (E) 3-weekly for four cycles followed by classical (c) CMF for four cycles (E-CMF) compared with cCMF for six cycles. BR9601 used E 3-weekly for four cycles followed by CMF 3-weekly for four cycles, compared with CMF 3-weekly for eight cycles. RESULTS: In all, 2391 eligible patients were randomised and with a median 7.4-year follow-up, E-CMF confirmed a significant benefit over CMF in both relapse-free survival (RFS) (78% vs 71% 5 years RFS, respectively, hazard ratio (HR) ¼ 0.75 (95% CI: 0.65-0.86), Po0.0001) and overall survival (OS) (84% vs 78% 5 years OS, respectively, HR ¼ 0.76 (95% CI: 0.65-0.89), P ¼ 0.0007). Interaction of treatment effect and prognostic factors was demonstrated for duplication of chromosome 17 centromeric enumeration (Ch17CEP) as previously reported. Poor prognostic factors at diagnosis (ER and PR negative and HER2 positive) showed timedependent annual hazard rates for RFS and OS. In univariate analysis, these factors demonstrated more favourable HRs for RFS after 5 years. Treatment effects also suggested a differential benefit for E-CMF within the first 5 years for poor prognosis tumours. CONCLUSION: Longer follow-up has confirmed E-CMF as significantly superior to CMF for all patients. Ch17CEP duplication was the only biomarker that demonstrated significant treatment interaction. Standard poor prognostic factors at diagnosis were timedependent, and after 5 years disease-free, poor prognosis patients demonstrated favourable HRs for survival.
The National Epirubicin Adjuvant Trial (NEAT) and BR9601 trials were designed during 1994-1995 to assess the added value of anthracyclines in the adjuvant treatment of early breast cancer. In the early 1990s, cyclophosphamide, methotrexate and 5-fluoruracil (CMF) was the standard treatment regimen in the United Kingdom. The Early Breast Cancer Trialists Collaborative Group (EBCTCG) report for 1992 did not assess anthracyclines in the treatment of early breast cancer (Early Breast Cancer Trialists' Collaborative Group, 1992) . However, there was some evidence for anthracycline activity in metastatic disease (Habeshaw et al, 1991) .
In 1994, the importance of scheduling the administration of anthracyclines became evident. Bonadonna's studies (Buzzoni et al, 1991; Bonadonna et al, 2004) showed that a block-sequential delivery of four cycles of doxorubicin, 75 mg m -2 , followed by eight cycles of CMF, was better than a 2 : 1 alternating regimen of the same drugs (Bonadonna et al, 1995) . An additional trial which used four cycles of doxorubicin after eight cycles of CMF showed no improvement over a standard 12 cycles of CMF (Moliterni et al, 1991) . These findings were consistent with the Norton/Day mathematical models that predicted better outcomes with blocksequential therapy (Norton and Day, 1991) , than with the alternating non-cross-resistant regimens suggested by Goldie et al (1982) .
The NEAT and BR9601 trials adopted this block-sequential approach for the anthracycline groups. However, epirubicin was used instead of doxorubicin to reduce toxicity (Earl and Iddawela, 2004) . National Epirubicin Adjuvant Trial administered cCMF, because of its superior efficacy in metastatic breast cancer (Engelsman et al, 1991) and because of the importance of dose delivery of CMF in early breast cancer (Bonadonna and Valagussa, 1981) . In the BR9601 trial, CMF was given every 3 weeks to minimise the need for patients to travel long distances to specialised centres in Scotland. In addition, we reduced the sequentially administered CMF to four cycles in the anthracycline groups of both trials. The control treatments in each trial were of equal duration, with six cycles of cCMF in NEAT and eight cycles of 3-weekly CMF in BR9601.
The NEAT and BR9601 randomised phase III trials were designed jointly and a combined enrolment of 2000 patients was required to have a statistical power of 85% to detect an absolute difference of 7% in both overall survival (OS) and relapse-free survival (RFS) between treatments, with a 5% (two-sided) level of significance. A 48-month median follow-up analysis of the 2391 eligible patients recruited showed that E-CMF had significant superiority over CMF in terms of OS (hazard ratio (HR) 0.67 (95% CI: 0.55-0.82)) and RFS (HR: 0.69 (95% CI: 0.58-0.82)) (Poole et al, 2006) .
The primary end points of NEAT and BR9601 were 5-year RFS and OS. Now with 95% of alive patients having 45 years followup, this manuscript presents the updated joint-trial, primary end point analysis with 7.4 years median follow-up. This longer followup has also allowed for important analyses of the effect of both prognostic markers and treatment effects, through time. In addition, central pathological review of 84% of primary tumours (histotype and grade), hormone receptors, HER2, TOP2A and other analyses have been carried out.
MATERIALS AND METHODS
Both trials were approved by the Multi-Centre Research Ethics Committee and Local Research Ethics Committees at participating hospitals, and a retrospective tissue block collection was subsequently approved in a separate application. Trial co-ordination was supported by a Cancer Research UK (previously Cancer Research Campaign) project grant. An educational grant and discounted epirubicin was provided by Pharmacia, now Pfizer (UK). Pharmacia did not participate otherwise in the design, data accrual and analysis or manuscript preparation in these trials.
Patients and treatments
The study design, eligibility criteria, stratification variables and treatment schedules have been described elsewhere in detail (Poole et al, 2006) . Eligibility included women with completely excised early breast cancer who required adjuvant chemotherapy, provided written informed consent, and could start treatment within 10 weeks of surgery. Eligibility also required adequate renal, hepatic and bone marrow function, no previous exposure to chemotherapy or radiotherapy, and no prior or concomitant malignancy. Patients were randomly assigned, by telephone to central locations and by use of a permuted block, 1 : 1 randomisation, to receive either E-CMF or CMF. Both trials stratified patients according to treating centre, age and nodal status. National Epirubicin Adjuvant Trial additionally stratified according to planned radiotherapy schedule. Treatment regimens in NEAT were four cycles of epirubicin (3-weekly) followed by four cycles of CMF (4-weekly) vs six cycles of CMF (4-weekly) (see Figure 1 ). BR9601 randomised between four cycles of epirubicin (3-weekly), followed by four cycles of CMF (3-weekly) or eight cycles of CMF (3-weekly).
Pathology, immunohistochemistry and fluorescent in situ hybridisation
Routine pathology tissue blocks from surgery were retrieved and were reviewed centrally in Cambridge (Elena Provenzano) for NEAT cases, and in Edinburgh for BR9601 cases, for breast cancer morphology and tumour grade. Tissue microarrays (TMAs) were constructed with a single 0.6 mm core from a representative part of the tumour (172 sample arrayed in each TMA block) and sections stained for ER, PR, EGFR, HER2, HER3 and Ki67 by immunohistochemistry (IHC), and fluorescent in situ hybridisation (FISH) for HER2 and TOPO 2A gene copy number and chromosome 17 centromeric enumeration (Ch17CEP copy number) . Tumour blocks were available for 83% of eligible NEAT patients (1686/2021) and 85% of BR9601 patients (316/370).
Statistical analysis
Primary outcome measures in both trials were RFS and OS. Relapse-free survival was calculated from the date of surgery to the date of first relapse; to date of death in women dying without relapse; or to date of censoring in women alive and relapse-free. Overall survival was calculated from date of surgery to date of death, or date of censoring if alive. Survival curves were constructed using Kaplan-Meier methodology (Kaplan and Meier, 1958) . Log-rank tests assessed differences in outcome by patient and tumour characteristics, and treatment. Cox-proportional hazards modelling (Cox, 1972) investigated and adjusted for baseline prognostic factors. Hazard ratios of treatment effects on the risk of relapse and death were calculated for prognostic subgroups univariately and displayed as HR plots (Early Breast Cancer Trialists' Collaborative Group, 1990) . Secondary outcomes of toxicity, dose intensity and quality of life have been reported elsewhere .
All analyses were undertaken using SAS version 9.2 statistical software (SAS Institute Inc., Cary, NC, USA) and all reported Pvalues are two-sided. Protocol violators were analysed within their randomised groups thus allowing analysis to be undertaken on an intention-to-treat basis.
RESULTS

Patients
National Epirubicin Adjuvant Trial recruited 2021 eligible patients April 1996 to July 2001, and BR9601 recruited 370 eligible patients October 1996 to April 2001. In all, 1189 patients were randomised to E-CMF and 1202 patients to CMF (see Figure 1 ). Patient characteristics, type and timing of surgery and tumour characteristics were balanced across treatments (Table 1 ). In the NEAT patients, cCMF (po) was used in 64% of patients, IV CMF in 31% and a combination in 5% (due to toxicity) (Rea et al, 2004) . Cyclophosphamide, methotrexate and fluorouracil delivery type was balanced between the two treatment arms. A total of 2002 patients' tumour material was centrally reviewed (84%). Where pathology data (histotype/grade) and ER/PR/HER2 status were available from the central reviews, these values were used for the analysis. If tumour blocks were not made available the previously recorded local assessments were used.
Overall survival and RFS
With a median follow-up of 7.4 years, 626 deaths (26% of the 2391 eligible patients) have been reported (23% E-CMF, 29% CMF) (Supplementary Table 1 ). Median time to death was 3.3 years (range 45 days to 10.1 years), the main cause being breast cancer (91%). Locoregional or distant relapse has been reported in 703 (29%) patients (26% E-CMF, 33% CMF), with distant metastases sites predominantly reported in the bone, liver and/or lung (79% of sites reported). There are 773 events (32% of the 2391 patients) in the analysis of RFS (29% E-CMF, 36% CMF). Follow-up in patients who are alive was equivalent across trials and treatments.
The E-CMF patients survived significantly longer than CMF patients, with an unadjusted HR in the E-CMF group of 0.76 (95% CI: 0.65-0.89, P ¼ 0.0007), corresponding to an absolute survival benefit of 6% (84% vs 78%) at 5 years ( Figure 2A) . The E-CMF patients also had significantly longer RFS, with an unadjusted HR in the E-CMF group of 0.75 (95% CI: 0.65-0.86, Po0.0001), which corresponds to an absolute RFS benefit of 7% (78% vs 71%) at 5-years ( Figure 2B ). These findings are unlikely to be due to an artefact of the slight difference between the duration of treatment in the E-CMF (28 weeks) and CMF (24 weeks) groups of the NEAT trial. Table 2 ). In this model of the 1525 patients with complete data, treatment (E-CMF:CMF) remained an independent indicator of residual risk for both OS (HR: 0.70 (95% CI: 0.58-0.86), P ¼ 0.0004) and RFS (HR: 0.72 (95% CI: 0.60-0.86), P ¼ 0.0003).
Treatment interaction with prognostic factors: improvements in OS and RFS
Women in all prognostic groups benefitted from E-CMF when compared with CMF for both OS and RFS (Figures 3 and 4A and B) . For all but one subgroup there were no statistically significant interactions between the subgroup and the treatment effect. CH17CEP duplication was the one biomarker that showed significant interaction with treatment effect for both OS and RFS benefit from E-CMF relative to CMF (P-values for heterogeneity; P ¼ 0.02 and P ¼ 0.005, respectively). For all other variables, no evidence of significant heterogeneity in E-CMF benefit for OS and RFS, between levels of recorded prognostic factors were observed, no evidence of any subgroup where E-CMF was seen as less effective than CMF, and, in fact, all subgroups' CIs of their HRs overlapped the overall OS and RFS results ( Figures 3A and 4B) .
Prognostic factors over time with longer follow-up
With 95% of alive patients having 45 years FU, the significance of known prognostic factors for OS and RFS over three separate time periods was investigated in a univariate manner; the first 2 years following definitive surgery, from years 2-5, and from 5 years onwards (Table 2 for OS and Supplementary Table 3 for RFS). Similar results were found for OS and RFS, with E-CMF having lower hazards rates than CMF for the first 5 years, but similar hazards to CMF after year 5. The following prognostic categories showed no obvious changes through time; nodal status (1-3, and 4 þ nodes vs negative nodes), surgery (BCS vs mastectomy), age (o50 years vs X50 years), menopausal status (pre-/perivs post-menopausal), performance status and HER3 IHC (positive vs normal). Other poor prognostic factors showed an apparent trend for the HR to reduce with follow-up particularly after 5 years. These categories include ER negative, PR negative, HER2 positive and EGFR by IHC, tumour size 42 cm, grade 3 tumours, HER2 amplification, TOP2A deletion and Ch17CEP duplication. Therefore, for these poor prognostic factors there is an observed 'survivor' bias for patients who remain relapse-free; the poor prognostic factors defined at the time of diagnosis, show lower annual HRs for relapse after 5 years, compared with the good prognosis factors at the time of diagnosis.
Treatment interaction with prognostic factors: annual hazard rates for OS
The annual hazard rates for OS show an increasing hazard for the first 3 years after surgery with a subsequent fall to 5 years ( Figure 5) . The E-CMF reduces the size of the initial risk rise and maintains a steady risk thereafter. Analysis of hazard rates over time by ER status, (Figure 5 ) showed interesting and distinct trends that mirrored the prognostic effects through time described above. ER-positive patients show a steady increase in hazard rates over the first 5 years for OS. Treatment effect shows that the early hazard rate peak was abolished by E-CMF when compared with CMF chemotherapy. However, hazard rates are low in this group. It is possible that the E-CMF benefit for OS is beginning to emerge again at 4-5 years. ER-negative patients show the benefit of E-CMF is greater than in the ER-positive patients, and the hazard rate for OS becomes the same for CMF and E-CMF at 5 years. Analyses of annual hazard rates for RFS are included in (Supplementary  Figure 4) . 
Acute leukaemia
Three cases of acute leukaemia were seen in the E-CMF patients (Supplementary Table 1) , one acute pro-myelocytic, one acute myeloid and the other acute lymphoblastic leukaemia.
DISCUSSION
Longer follow-up of the NEAT and BR9601 studies confirms the previously reported significant benefit for E-CMF in terms of both RFS and OS. This trial is one of the few to demonstrate a statistically significant benefit from anthracyclines (Coombes et al, 1996; Levine et al, 1998) , and is consistent with the meta-analysis of anthracycline-based therapy trials reported by the EBCTCG (Early Breast Cancer Trialists' Collaborative Group, 2005) . Reporting of comprehensive and longer follow-up data remains as important as ever for these trials, as the results become increasingly stable and robust. Even in the era of widespread taxane use, more intensive dose-dense adjuvant regimens, and targeted therapy with Herceptin in HER2-positive patients, longer follow-up reporting of older adjuvant breast cancer trials remains vital in order to confirm the activity of these regimens through time. In addition, it is increasingly recognised that breast cancer populations contain a number of important subgroups in which the effects of adjuvant chemotherapy may be seen many years after treatment. Reporting of longer follow-up allows for more robust analysis of known prognostic and predictive factors in the different groups and also research into new biomarkers.
The trial has significantly contributed data to a comprehensive translational analysis of HER2 and TOP2A as biomarkers of response to anthracyclines (Di Leo et al, 2011) . The recognition of Ch17CEP duplication as a powerful predictor of anthracycline benefit was first reported from translational research in this trial . In addition, comprehensive analysis of health economic cost effectiveness of adjuvant chemotherapy in breast cancer has used data from this trial .
It is now well recognised that anthracyclines can cause a dosedependent increase in the incidence of acute leukaemia (Praga et al, 2005) . In this report, there was an incidence of acute leukaemia of 0.25% for an epirubicin dose of 400 mg m -2 , which as anticipated is lower than that reported in the Canadian MA-5 trial in which the incidence was 1.4% for an epirubicin dose of 720 mg m -2 (Levine et al, 1998) . Nevertheless, the effect size for E-CMF over CMF is similar for our trial reported here, and the Canadian study. The conclusion is that block-sequential delivery of anthracycline in E-CMF produces a similar treatment effect to that seen in the MA-5 trial, but because the cumulative dose of epirubicin in MA-5 is nearly twice than that it our trial, the rate of leukaemia is five times more common in the Canadian trial. The E-CMF is among the most effective and the safest anthracyclinecontaining adjuvant regimen for early breast cancer.
The NEAT and SCTBG BR9601 groups have maintained a translational research programme. A trial tumour bank, with collection of 84% of the original formalin-fixed paraffin-embedded tumour blocks has allowed not only for central pathological review, but also for the creation of TMAs and for IHC and FISH analysis.
In this longer-term analysis, it has been possible to compare survival hazard rates by year of follow-up. This has shown a peak in hazard rates at 1-2 years for relapse, which is followed by a peak for death at 2-3 years. This is in keeping with previous epidemiological evidence of an early peak of relapse in the first 2 years following surgery (Hilsenbeck et al, 1998; Retsky et al, 2008) .
Analysis of well-recognised poor prognostic factors through time showed that for the majority there was a trend for these factors to lose their prognostic significance. This 'time-dependency' of prognostic factors defined at diagnosis was first reported in 1998 by the University of Texas at San Antonio group, which analysed 2873 early breast cancer patients with up to 17 years of RFS follow-up (Hilsenbeck et al, 1998) . By way of illustration from our own data, at 5 years follow-up, a relapse-free patient with an ER-negative tumour will have a lower ongoing HR for relapse and death than a patient with an ER-positive cancer. In other words, for prognostic factors at diagnosis predicting a poor outcome the relapse-free survivor at 5 years has survived her most 'at risk' time. The ER-positive patients (good prognosis) have a continued albeit small, risk after 5 years. This has also been demonstrated recently in another study, which looked at intrinsic IHC categorised subtypes of breast cancer (Perou et al, 2000) of over 10 000 patients, followed for up to 15 years (Blows et al, 2010) . All women treated within the trial, no matter the prognostic subgroup of their breast cancer, benefitted from E-CMF when compared with CMF chemotherapy, and there were no prognostic subgroups where E-CMF showed a detrimental effect. However, the only prognostic/predictive factor to significantly interact with the benefit from anthracyclines was Ch17CEP copy number .
In conclusion, this updated analysis of NEAT and BR9601 trials at 7.4 years median follow-up adds to the EBCTCG data in respect of the advantage of anthracyclines and confirms E-CMF as a highly effective standard adjuvant therapy for early breast cancer, with a benefit maintained through time in longer follow-up. Blocksequential use of a maximum cumulative dose of epirubicin of 400 mg m -2 with CMF is not only effective, but also is associated with a lower incidence of acute leukaemia than that seen with other similarly effective anthracycline-containing regimens (Praga et al, 2005) . Increased copy number Ch17CEP demonstrated a significant interaction with anthracycline treatment effect. Standard poor prognostic factors defined at diagnosis (ER negative, PR negative and HER2 positive) demonstrated their prognostic effects during the first 5 years of follow-up and the differential benefit for E-CMF in these patients may also be concentrated within the first 5 years. This potential effect should be explored in further meta-analysis.
